pointed out that it is not practical for school speech-language pathologists (SLPs) to conduct early literacy screening with all children who have a preschool history of speech and language delay, and therefore it is important to understand which children have the highest risk of ongoing difficulties with reading acquisition. They suggested that screening be directed at children who have difficulties with more than one domain of language development; thus, children who have isolated difficulties with phonology normally would not be candidates for follow-up. Although it is true that children with speech-sound disorders and concomitant language impairment are at greatest risk of reading delay, the risk is also elevated for children whose difficulties are restricted to inaccurate articulation of speech sounds (Bird et al., 1995; Nathan, Stackhouse, Goulandris, & Snowling, 2004) . For example, Nathan et al. reported that 47% of preschoolers with isolated articulation difficulties and 63% of preschoolers with concommittant speech and language problems scored more than ABSTRACT: Purpose: The purpose of this study was to examine the relationship between the types of speech errors that are produced by children with speech-sound disorders and the children's phonological awareness skills during their prekindergarten and kindergarten years. Method: Fifty-eight children with speech-sound disorders were assessed during the spring of their prekindergarten year and then again at the end of their kindergarten year. The children's responses on the Goldman-Fristoe Test of Articulation (R. Goldman & M. Fristoe, 2000) were described in terms of match ratios for the features of each target sound and the type of error produced. Match ratios and error type frequencies were then examined as a function of the child's performance on a test of phonological awareness. Results: Lower match ratios for +distributed and higher frequencies of typical syllable structure errors and atypical segment errors were associated with poorer phonological awareness test performance. However, no aspect of the children's error patterns proved to be a reliable indicator of which individual child would pass or fail the test. The best predictor of test performance at the end of the kindergarten year was test performance 1 year earlier. Children who achieved age-appropriate articulation skills by the end of kindergarten also achieved age-appropriate phonological awareness skills. Conclusion: Children who enter kindergarten with delayed articulation skills should be monitored to ensure age-appropriate acquisition of phonological awareness and literacy skills.
KEY WORDS: speech-sound disorders, phonological awareness, phonological errors 1 SD below the mean on measures of reading and /or spelling at the end of first grade. Justice et al. (2002) suggested that the severity of the speechsound disorders might differentiate those children with speechsound disorders who are at risk for reading difficulties from those who are not at risk for difficulties. The published data relating to this hypothesis are inconclusive. Bird et al. (1995) found that the percentage of consonants correct ( PCC) during the kindergarten assessment was 61 and 49 for children with good and poor reading outcomes, respectively. However, the children in this study all had severe speech-sound disorders, regardless of reading outcomes (a severity ranking of severe is defined as a score more than 2 SD below the mean, which would be 72 PCC for children of this age). Larrivee and Catts (1999) and Rvachew and Grawburg (2006 ) included a larger range of severity levels and indexed severity on the basis of children's responses to a standardized citation-form measure of articulation abilities. In these studies, severity of the speech-sound disorder was not clearly correlated with phonological awareness skills.
It is possible that the relationship between severity of the speechsound disorder and the child's risk of reading delay is unclear because articulation accuracy is not the most sensitive indicator of severity. Given similar levels of articulation accuracy, measured as the frequency of consonant errors, two children might vary substantially in severity depending on the nature of the errors produced. A child whose errors are primarily of the distortion type might be considered to be less severely impaired than a child whose errors consist of substitutions of one phoneme for another. A child whose errors are restricted to segment substitutions might be considered to be less severely impaired than a child who produces omissions that alter the syllable structure of the word. A child whose error patterns are typical among younger normally developing children might be considered to be less severely impaired than a child whose error patterns are rarely produced by children with normal or delayed speech development. At the level of distinctive features, a child who demonstrates some knowledge of all distinctive features in the native language might be considered to be less severely impaired than a child who lacks major sound class distinctions in his or her phonological system. In summary, it is clear that concomitant language impairment enhances the risk of phonological awareness difficulties among children with a speech-sound disorder. This question will not be further explored in this article. The risk of phonological awareness difficulties among children with speech-sound disorders but relatively good language skills remains unclear, as does the relationship between severity of speech-sound disorder and phonological awareness skills. This study addresses the hypothesis that greater severity of speech-sound disorders will predict phonological awareness difficulties by examining both the nature and the number of the errors that are produced on a standardized measure of articulation abilities.
The purpose of this study was to examine the relationship between the nature of a child's speech-sound errors and the child's performance on a phonological awareness test before entry into kindergarten and at the end of the kindergarten year. Both concurrent and longitudinal predictive relationships between patterns of speech errors and phonological awareness skills were examined. The children's phonological systems were described using two different analyses, both derived from a picture naming sample. In the first analysis, match ratios for the child's use of target consonant features were calculated. In the second analysis, each consonant error was coded as belonging to one of five possible types: typical segment error, atypical segment error, typical syllable structure error, atypical syllable structure error, or distortion error. The study is descriptive in nature, and no specific a priori hypotheses were posited about the specific characteristics of the error type profile that might be associated with phonological awareness difficulties.
METHOD

Participants
SLPs at two pediatric hospitals were asked to refer 4-and 5-year-old children who were receiving or waiting to receive speech therapy for remediation of a speech-sound disorder during their prekindergarten year for participation in a longitudinal study of early literacy development in children with speech-sound disorders. The selection criteria were as follows: primary diagnosis of speech delay of unknown origin (although concomitant language impairment and suspected dyspraxia of speech were not exclusionary criteria); normal hearing and oral-motor function documented by the child's clinician before referral to the study; and native speaker of English. Children whose speech-sound disorder was secondary to other conditions such as sensory-neural hearing loss, Down syndrome, cerebral palsy, or cleft palate were excluded.
Outcomes for the complete sample of children who were recruited in this way have been described elsewhere (Rvachew, 2006; Rvachew & Grawburg, 2006 ) . For the purpose of this study, a subset of the larger sample was selected by choosing only those children who scored below normal limits on a standardized measure of articulation skills during the prekindergarten year, and who returned and completed a full assessment at the end of the kindergarten year. This selection procedure resulted in the sample of 58 children who will be described in this article. These children were from English-speaking middle-class families. As shown in Table 1 , they were approximately 42 years of age during the prekindergarten assessment and 52 years of age during the kindergarten assessment. On average, they presented with moderately delayed articulation skills during the prekindergarten assessment and mildly delayed articulation skills during the kindergarten assessment, as Note. PPVT-III = Peabody Picture Vocabulary Test-Third Edition (Dunn & Dunn, 1997) , GFTA-2 = Goldman-Fristoe Test of Articulation (Goldman & Fristoe, 2000) , PAT = Phonological Awareness Test (Bird et al., 1995) .
measured by the Goldman-Fristoe Test of Articulation-Second Edition (GFTA-2; Goldman & Fristoe, 2000) . All children scored below normal limits on the GFTA-2 during the prekindergarten assessment, but 26% achieved age-appropriate articulation skills by the end of the kindergarten year. PCC, derived from conversation samples, confirms a moderately severe speech-sound disorder on average during the prekindergarten assessment, with the mean PCC being 65.94, which corresponds to a standard score of z = j1.85 (see Austin & Shriberg, 1997 , for normative reference data). PCC during this assessment ranged from 40.55 (severe SSD, z = j 5.15) to 91.64 (above average speech, z = 1.49). However, GFTA-2 percentiles appeared to provide a more accurate indicator of speechsound disorders. For example, the child who obtained a PCC of 91.64 had not mastered the features +continuant or the place node dorsal, which indicates a significant problem because stopping of fricatives and fronting of velars would not be expected in a child who was approaching 5 years of age. This sample presented with age-appropriate receptive vocabulary skills during both assessments, as measured by the Peabody Picture Vocabulary Test-Third Edition (PPVT-III; Dunn & Dunn, 1997) . Phonological Awareness Test (PAT; Bird et al., 1995) performance was highly variable within the group during both assessments, although more children passed the test during the kindergarten assessment than during the prekindergarten assessment, as shown in Table 2 .
Procedures
The participants were assessed twice, once approximately 3 months before the commencement of kindergarten (prekindergarten assessment) and again toward the end of the kindergarten year (kindergarten assessment). The PPVT-III, PAT, and GFTA-2 were administered during each of the two assessments.
PPVT-III. The PPVT-III is a test of receptive vocabulary. In this test, the children were shown a plate with four pictures and asked to point to the correct one in response to the examiner's instruction, such as "Show me wrench." Two practice trials were given before the test.
PAT. The PAT is a test of phonological awareness. It consists of three subtests: rime matching, onset matching, and onset segmentation and matching. The first subtest that was administered to each child was rime matching. In this subtest, the child listened to the name of a puppet and then selected from an array of four pictures the one whose name rhymed with the name of the puppet. For example, the child was shown a puppet named Dan and was told, " Dan likes things that sound like his name." The child was then asked which he or she would like from house, boat, car, and van. For the onset matching subtest, the child was shown a puppet and told that everything it owned began with the same sound. The child was told the relevant sound and then was asked to select the picture whose name began with that sound. Finally, for onset segmentation and matching, the child was again told the puppet's name and then was asked to point to the picture whose name " began with the same sound as the puppet's name." In this case, the child was given the puppet's name but was not told the specific target sound. Before each of the three sections, the child was given five practice questions with feedback. The instructions were repeated and the response alternatives were named for every item on the test.
There were 34 test items in total across the three subtests. The children's test scores (number of correct responses) were used to identify children who scored within normal limits (Pass subgroup) and children who scored below normal limits (Fail subgroup) on this test. The criterion for failure on the test was a score more than 1 SD below the mean, as obtained from a group of 30 typically developing children, matched to this sample for age and socioeconomic status. The cut-off scores thus derived were 15 for the prekindergarten assessment and 25 for the kindergarten assessment.
GFTA-2. The GFTA-2 is a test of articulation accuracy. In it, children were asked to name 34 colored pictures or to reply to questions about the pictures. This test elicits 53 single-word responses that target 77 consonants and consonant clusters in the initial, medial, and final position of words. The examiner would prompt the target word if the child named it in different ways. Responses were transcribed on-line by graduate students in speech-language pathology and were checked afterward from the recordings. The child's entire word was transcribed (i.e., not just the target consonants). Recordings were made with a Sony MZ-NH700 minidisk recorder and a Sennheiser MKE-2 Gold lapel microphone.
Coding procedures -feature match ratios. Feature match ratios were derived from the children's responses to the target consonants on the GFTA-2. The feature match ratios were derived using the procedures described by Bernhardt and Stoel-Gammon (1994) . Specifically, the child's production for each target consonant was scored to indicate whether the child matched or did not match each of the following marked features and place nodes: +consonantal, +sonorant, +nasal, +continuant, +voice, labial, dorsal, +distributed, and j anterior. For example, if the child produced [d] in place of [g], matches for +consonantal and +voice and a mismatch for the place node dorsal would be coded. If a consonant was omitted, a mismatch was coded for each feature of the target consonant. For example, if the child produced [d Ã] in place of duck, a mismatch would be coded for all features of /k/, namely +consonantal and dorsal. Vowel errors were ignored in this analysis. The match ratio for each feature and place node was then calculated by averaging across all target consonants representing the given feature or place node on the test. Examples of observed mismatches for each feature and place node are provided in Table 3 .
Coding procedures -error type frequencies. The child's production of each target consonant on the GFTA-2 was coded either as being correct or as belonging to one of five possible types of error as follows: typical segment errors, atypical segment errors, typical syllable structure errors, atypical syllable structure errors, and distortion errors. Segment errors were substitution errors that Note. Children whose test score was not less than 1 SD below the mean were deemed to have passed the test. The cut-off scores for the prekindergarten and kindergarten assessments were 15 and 25 correct responses, respectively, out of a total of 34 items.
did not change the syllable structure of the target word. Syllable structure errors were omission errors that by definition changed the syllable structure of the target word. Errors were judged to be typical or atypical following the definitions provided by Smit, Hand, Freilinger, Bernthal, and Bird (1990) . Specifically, an error is typical if it is produced by more than 5% of children at any age; an error is atypical if it is produced by fewer than 5% of children at any age. Judgments about whether errors were typical or not were derived from published sources about the frequency of occurrence of substitution and omission errors as well as phonological processes (e.g., Dodd, 1995; Dodd, Holm, Hua, & Crosbie, 2003; Smit, 1993; Smit et al., 1990) . Note that the judgment was not made on the basis of the frequency of the error within the data set that is being described here, but rather on the basis of population studies that were published previously in the literature. As a general rule, any error that could be described as a commonly occurring natural phonological process in English-speaking children was coded as a typical error. When information about the frequency of a specific error could not be found, the nature of the phonological features of the target and substitution were considered; if the substitution was more marked (i.e., more complex) than the target, the error was judged to be atypical. Distortion errors were any errors that did not change the phonemic category of the target consonant, with the exception of substitutions of interdental fricatives for the alveolar fricatives /s/ and /z/. These particular substitution errors were coded as distortion errors because research has shown that these fricatives, when they are produced as substitutions for the alveolar fricatives, typically are acoustically distinct from the interdental fricatives when produced in words containing them as targets (Baum & McNutt, 1990) . Examples of some of the errors that were observed for each error type are shown in Table 4 . A complete list of the errors and their codes are shown in Appendices A, B, and C. The total occurrence of each error type was determined for each participant.
Reliability. The GFTA-2 was administered by graduate students in speech-language pathology and was scored live. Subsequently, 12% of GFTA-2 samples were rescored from the original recordings by other graduate students in speech-language pathology. Transcription agreement for narrow transcription of the target consonants on the GFTA-2 was 85% (range = 84% to 96%). Coding of the errors was conducted by the third author, and then every sample was recoded by the first author and disagreements were resolved by consensus. Approximately 6% of the error type codes were changed, with more than 90% of recodes involving the distortion category. The third author consistently coded substitution of /q/ or /8/ for sibilants as typical substitution errors, whereas the first author coded these errors as distortions. All errors of this type were subsequently recoded as distortions. The remaining disagreements were rectified after rechecking the literature described above regarding typical and atypical errors.
RESULTS
The purpose of the data analyses was to identify characteristics of the child's speech that might predict performance on the PAT, specifically examining the profile of feature match ratios, the profile of error type frequencies, and the overall number of errors that were produced by the child. Three types of predictive relationships were examined: (a) concurrent prediction of prekindergarten PAT performance from prekindergarten speech errors; Note. The consonant that reflects the specified mismatch is underlined.
Other mismatches that are apparent in these examples, either for the indicated consonant or for other consonants, were also counted as mismatches in the analyses. (b) concurrent prediction of kindergarten PAT performance from kindergarten speech errors; and (c) longitudinal prediction of kindergarten PAT performance from prekindergarten speech errors. For each of these potential predictive relationships, independent t tests were used to compare the speech profiles for children who passed the PAT versus children who failed the PAT. The standardized size of the differences between these two subgroups was calculated as Cohen's d with Hedge's correction for bias, and then was evaluated in terms of the size of the effect (with d > .5 indicating a moderate effect and d > .8 indicating a large effect), as well as the confidence interval around the effect size (Cumming & Finch, 2001 , 2005 . Potential predictor variables were identified by evaluating the statistical significance of the resulting t values (after applying the Bonferroni correction) and examining the confidence intervals of the standardized effect sizes. Finally, the clinical utility of these potential predictor variables was assessed by conducting logistic regression analyses to predict which children would pass or fail the PAT.
Feature Match Ratios
Concurrent prediction of prekindergarten phonological awareness. The results, as shown in Table 5 , indicate that both subgroups had mastered + consonantal, + sonorant, + nasal, + voice, and labial. On average, children who passed the prekindergarten PAT produced higher match ratios than did children who failed, but the differences were small for all features except +distributed, and the t tests failed to reach statistical significance, suggesting that the observed differences between groups may be due to sampling error. This impression is confirmed by the confidence intervals for the standardized effect sizes, illustrated in Figure 1 , which encompass 0 for all features. However, the standardized effect size for +sonorant and +distributed was moderately large, and the lower bound of the confidence interval was very close to 0; thus, the clinical significance of the match ratios for these two features was further examined using logistic regression analysis. Specifically, we examined whether match ratios for these two features, obtained from the child's speech during the prekindergarten assessment, would predict which children would pass or fail the prekindergarten PAT. This analysis revealed that match ratios for +sonorant and +distributed were not reliable predictors of prekindergarten PAT performance: 81% of the children who failed were correctly identified, but only 41% of the children who passed were correctly identified.
Concurrent prediction of kindergarten phonological awareness. The results, as shown in Table 5 , indicate that the Pass subgroup mastered all features and place nodes except +distributed and j anterior. The Fail subgroup mastered all features and place nodes except dorsal, +distributed, and janterior. The advantage to the Pass subgroup for these latter three features was not statistically significant, and thus it is quite probable that these apparent differences are due to sampling error. However, the standardized effect sizes were moderately large, as shown in Figure 1 , and therefore logistic regression analysis was used to determine if match ratios for dorsal, +distributed, and j anterior, as measured during the kindergarten assessment, would predict passing or failing the kindergarten PAT. This analysis revealed that these features were not reliable predictors of prekindergarten PAT performance: 95% of the children who passed were correctly identified, but only 53% of the children who failed were correctly identified. Accurate identification of children who passed was facilitated by the finding that nearly all children who passed had mastered dorsal. On the other hand, half of the children who failed had also mastered this feature. Similarly, all of the children who failed had difficulty with +distributed, but so did half of the children who passed the PAT. Longitudinal prediction of kindergarten phonological awareness. No significant differences were observed between mean feature match ratios during the prekindergarten assessment for children who passed versus failed the kindergarten PAT, as shown in Table 5 . Inspection of the effect sizes in Figure 1 confirms that none of the prekindergarten feature match ratios were potential predictors of kindergarten PAT performance.
Error Type Frequencies
Concurrent prediction of prekindergarten phonological awareness. The results, as shown in Table 6 , indicate that typical segment errors were the most frequent type and atypical syllable structure errors were the least frequent type for both groups. Children who failed the prekindergarten PAT produced significantly more typical syllable structure errors than did children who passed this test, with the effect size for this difference being moderately large, as shown in Figure 2 . However, logistic regression analysis showed that the frequency of this error type predicted passing or failing the prekindergarten PAT with only 63% and 68% accuracy, respectively. Although the few children with highly frequent syllable structure errors failed the prekindergarten PAT, the distributions of frequencies for this error type were otherwise similar for the two groups.
Concurrent prediction of kindergarten phonological awareness. The results, as shown in Table 6 , indicate that typical segment errors were the most frequent type and atypical syllable structure errors were the least frequent type for both groups. The children who failed the kindergarten PAT produced significantly more atypical segment errors than did the children who passed this test. Inspection of Figure 2 reveals moderate or large effect sizes for atypical segment errors, typical syllable structure errors, and atypical syllable structure errors. Logistic regression analysis was used to determine if this profile of error types in kindergarten could be used to predict passing or failing the kindergarten PAT. These three error types resulted in 95% correct identification of children who passed but only 36% correct identification of children who failed the kindergarten PAT.
Longitudinal prediction of kindergarten phonological awareness. No significant differences were observed between the subgroup of children who passed the PAT and the subgroup of children who failed this test, as shown in Table 6 . Figure 2 shows that the effect sizes for typical and atypical syllable structure errors were moderately large, but all confidence intervals encompassed 0. Although these differences are likely due to sampling error, logistic regression analyses were used to determine if a greater number of syllable structure errors, produced during the prekindergarten assessment, would predict passing or failing the kindergarten PAT. The result was 95% correct identification of children who passed the test, but only 26% correct identification of children who failed. Again, the apparent differences between groups occur because of a few children with an extreme number of these errors. The 3 children who produced more than 25 syllable structure errors all failed the kindergarten PAT. However, for the remaining children who produced between 0 and 10 such Figure 1 . Standardized effect sizes (Cohen's d ) and the associated confidence interval for match ratios for each feature as obtained during the prekindergarten and kindergarten assessments, when comparing children who passed or failed the PAT.
errors, there was no relationship between number of syllable structure errors before kindergarten and PAT performance at the end of kindergarten.
Overall Articulation Accuracy
The profile of speech errors in prekindergarten did not serve to predict PAT performance at the end of kindergarten. Therefore, severity as indexed by overall performance on the GFTA-2 was examined as a predictor of phonological awareness. The relationship between GFTA-2 percentile and PAT performance is illustrated in Figure 3 . Severity rankings were derived from the children's GFTA-2 percentile, as obtained during the prekindergarten assessment. The severity ranks shown on the figure correspond to percentile ranks of 2 or less for the severe category, 3 through 6 for the moderate category, and 7 through 15 for the mild category. The number of children in each severity rank was 20, 21, and 17 for the severe, moderate, and mild severity ranks, respectively. Mean PAT score for each severity rank is shown as a function of assessment (prekindergarten or kindergarten). The standard error bars shown for each series are overlapping, indicating that the apparent differences in mean PAT score by severity rank are not statistically significant-a finding that was confirmed through one-way ANOVAs: F(2, 55) = 1.38, p = .26 for the prekindergarten assessment; F(2, 55) = 1.67, p = .20 for the kindergarten assessment. Although prekindergarten GFTA-2 percentile did not predict kindergarten PAT performance, achievement of a GFTA-2 percentile that was within normal limits at the end of kindergarten was associated with better PAT performance. The mean percentile rankings on the kindergarten GFTA-2 for children who did and did not pass the PAT were 14.79 (SD = 12.20) and 7.26 (SD = 8.05) respectively, a difference that was found to be statistically significant, t(56) = 2.27, p = .027; Cohen's d = .63. However, logistic regression analysis showed that GFTA-2 percentile at the end of kindergarten predicted passing or failing the kindergarten PAT with only 71% correct classification accuracy. This measure was a good indicator for children who passed the kindergarten PAT. All but 2 of the children who achieved articulation skills that were within normal limits scored within the average range on the PAT. Among children whose articulation difficulties persisted throughout the kindergarten year, there was no significant relationship between severity of the articulation deficit and the child's PAT performance, although 42% of this subgroup failed the kindergarten PAT.
Prekindergarten Phonological Awareness
The last variable to be considered as a predictor of kindergarten PAT performance was prekindergarten PAT score. Children who passed this test in kindergarten achieved a mean score of 18.10 (SD = 8.29) during the prekindergarten assessment. Children who failed this test in kindergarten achieved a mean score of 7.28 (SD = 6.53) during the prekindergarten assessment. This difference was found to be statistically significant, t (56) = 4.80, p = .000, and was associated with a very large effect size (Cohen's d = 1.32). Logistic regression analysis confirmed that prekindergarten PAT performance in kindergarten was the best predictor of passing or failing this test at the end of kindergarten, with 92% and 63% identification accuracy, respectively.
DISCUSSION
The characteristics of consonant articulation errors were examined as a function of phonological awareness skills for a sample of 58 children with speech-sound disorders, followed longitudinally from the spring of their prekindergarten year to the spring of their kindergarten year. At both assessments, children who had poor phonological awareness skills were largely similar to children who had good phonological awareness skills with respect to their ability to match the features of the target consonant and in terms of the types of articulation errors that they produced.
As would be expected, children in both subgroups typically matched the features +consonantal, +sonorant, + nasal, and +voice. The place node labial was also mastered by most children. Match ratios for the feature +continuant were highly variable within both subgroups at the prekindergarten assessment, but most children had mastered this feature by the end of kindergarten. Match ratios for dorsal place were also variable within groups, but neither subgroup achieved mastery before kindergarten entry. Although children with good phonological awareness skills showed greater improvement toward mastery of dorsal during the kindergarten year than did children with poor phonological awareness skills, this difference between subgroups was not statistically significant. Match ratios for the features +distributed and j anterior were low and variable for both subgroups at both assessments. Children who passed the PAT had significantly higher mean match ratios for +distributed than did children who failed the PAT, but mastery of this feature was not a reliable indicator of PAT status before kindergarten entry or at the end of the kindergarten year. Some differences in the profiles of error types were observed between subgroups. During both assessments and for both groups, ranking of error types from most to least frequent was typical segment, typical syllable structure, atypical segment, distortion, and atypical syllable structure. However, children who failed the PAT before kindergarten entry produced significantly more typical syllable structure errors than did children who passed. During the kindergarten assessment, children who failed the PAT produced significantly more atypical segment errors than did children who passed. Children who failed the kindergarten PAT were somewhat more likely to produce typical and atypical syllable structure errors and atypical segment errors during the prekindergarten assessment, although these between-group differences were not statistically significant.
Overall, the results of this study point to a trend toward a relationship between severity of speech-sound disorders and risk of phonological awareness problems, but this trend was not statistically reliable or clinically significant, as shown in Figure 3 . Children with mild speech-sound disorders did achieve numerically higher mean scores on the PAT than did children with severe speech-sound disorders, but there was a great deal of overlap in the range of PAT scores observed within each severity ranking. Furthermore, 41% of prekindergarten children with mild speech-sound disorders failed the prekindergarten PAT, whereas 36% of kindergarten children with mild speech-sound disorders failed the kindergarten PAT. If children with mild speech-sound disorders are systematically excluded from screening for potential literacy deficits, more than a third of these children will not receive the follow-up they need in order to ensure age-appropriate phonological awareness skills at the onset of reading instruction.
Similarly, the error type analysis discussed above hints at somewhat greater severity of speech-sound disorders among children with poor phonological awareness in that these children tended to produce more typical syllable structure errors and atypical segment errors than did children with good phonological awareness skills. Furthermore, children with good phonological awareness skills produced numerically higher mean match ratios for almost every feature coded. However, these differences were not statistically significant. Logistic regression analyses revealed that the child's pattern of error types was not a reliable indicator of which child would pass or fail the PAT at either assessment. Although some concurrent predictive relationships between the characteristics of the children's consonant articulations and PAT performance were observed, no longitudinal relationships were observed. In other words, mastery of the feature +distributed before kindergarten did not predict PAT performance 1 year later. Similarly, a high frequency of syllable structure errors during the prekindergarten assessment was not a reliable indicator of PAT performance at the end of the kindergarten year.
The severity of the child's speech-sound disorder during the prekindergarten assessment, as indicated by the GFTA percentile, was not a reliable longitudinal predictor of PAT status at the end of kindergarten. However, those children who achieved ageappropriate articulation skills before the end of the kindergarten year were very likely to have achieved age-appropriate phonological awareness skills. Among those children whose articulation difficulties persisted through the kindergarten year, however, severity of the speech-sound disorder was not a reliable indicator of which children would present with good phonological awareness skills.
In summary, the results of this study indicate that severity of a child's speech-sound disorder, as indexed by a variety of metrics, is not a reliable indicator of the child's risk of beginning formal reading instruction with below average phonological awareness skills. This finding is consistent with previous studies, such as Larrivee and Catts (1999) , who found that kindergarten articulation accuracy on the Arizona Articulation Proficiency Scale (Fudala & Reynolds, 1988) was not significantly different for children who proved to be good or poor readers at the end of first grade. However, these findings are not consistent with the conclusions of Bird et al. (1995) , who reported significantly poorer kindergarten PCC scores for children who later proved to be poor readers (n = 24) in comparison with good readers (n = 7). However, their study involved a sample of older children who all had very low PCC scores. Furthermore, their study was designed to predict reading in Grade 2 from speech and phonological awareness measures in kindergarten, whereas our study was designed to predict phonological awareness in kindergarten from articulation accuracy before kindergarten entry.
Although we found that severity of a child's speech deficit did not predict phonological awareness, we did observe that children who obtained articulation test scores that were within normal limits before the end of kindergarten also achieved age-appropriate PAT performance during this assessment. Our finding that short-term normalization of the child's speech was a positive prognostic indicator is consistent with the "critical age hypothesis" (Nathan et al., 2004) . Interpretation of this finding is difficult, however, because we do not have reliable information about the children's prior history of speech therapy. It is possible that the children who achieved age-appropriate speech and phonological awareness in kindergarten received more effective or more intensive intervention before kindergarten entry, which in turn accounts for their relatively good phonological awareness skills at the end of kindergarten. On the other hand, it is possible that children who have good phonological awareness skills as preschoolers respond better to speech therapy. Both possibilities are worthy of future experimental investigations.
Other Potential Predictors
This study was focused specifically on the predictive relationship between the nature of the children's speech-sound errors and the risk of difficulties with phonological awareness. Overt characteristics of the children's speech proved to be poor predictors of passing or failing a PAT. Other studies have identified other variables that are associated with phonological awareness skills.
Receptive vocabulary skills are a known correlate of phonological awareness abilities even among children with typical speech (Chaney, 1992; Cooper, Roth, Speece, & Schatschneider, 2002; Dickinson, McCabe, Anastasopoulos, Peisner-Feinberg, & Poe, 2003; Metsala, 1999) . This relationship has been observed among children with speech-sound disorders (Rvachew & Grawburg, 2006 ) , and it is clear that children with a combined speech and language problem are at significantly greater risk of literacy difficulties than are children with speech-sound disorders alone (Nathan et al., 2004) . At the same time, it has been shown that the risk of difficulties with phonological awareness is not restricted to children with speech-sound disorders and concomitant delays in receptive language skills (Bird et al., 1995; Rvachew et al., 2003) . Although exceptionally good receptive vocabulary skills appear to be associated with ageappropriate phonological abilities in children with speech-sound disorders, children with speech-sound disorders and average receptive vocabulary skills are at substantial risk of delayed development of phonological awareness skills (Rvachew & Grawburg, 2006) . In addition, Larrivee and Catts (1999) found that language skills were only weakly related to written word recognition skills, whereas kindergarten phonological awareness skills were strongly correlated with reading in first grade for children with speech-sound disorders.
Another variable that may be associated with phonological awareness and reading skills is the quality of the children's underlying representations (Elbro, Borstrom, & Peters, 1998) . Larrivee and Catts (1999) reported that the best predictor of phonological awareness and reading skills in children with speech-sound disorders was multisyllabic nonword and real word repetition accuracy. They suggested that the children's performance on these tasks reflected the quality of their underlying phonological representations. This suggestion is supported by the subsequent finding of strong concurrent and longitudinal correlations between speech perception and phonological awareness skills in children with speech-sound disorders (Rvachew, 2006; Rvachew & Grawburg, 2006 ) .
Letter knowledge is another variable that is significantly correlated with both phonological awareness and early reading abilities in children with typical speech and language (Lonigan, Burgess, & Anthony, 2000; Storch & Whitehurst, 2002) . This relationship holds also for children with speech-sound disorders, but the relationship is attenuated. For example, Bird et al. (1995) found that children with speech-sound disorders and good letter-sound knowledge had better reading and spelling abilities than did children with speech-sound disorders and poor letter-sound knowledge. However, children with speech-sound disorders and good lettersound knowledge had worse reading and spelling abilities than did children with typical speech and good letter-sound knowledge.
In summary, phonological awareness and early reading abilities are correlated with vocabulary skills, strength of underlying phonological representations, and letter-sound knowledge in children with typical speech and children with speech-sound disorders. However, even when these variables are controlled, children with speech-sound disorders tend to have significantly poorer phonological awareness and decoding skills than do children with typical speech.
FUTURE RESEARCH DIRECTIONS
Although error type frequencies proved to be unreliable predictors of PAT performance, the particular profile of error types that was weakly associated with phonological awareness deficits in this study is of theoretical interest and may have clinical implications. Ongoing research is required in order to better understand this relationship. Replication of these results with a similar sample of children would validate the existence of a relationship between syllable structure errors and phonological awareness deficits. Extension of the results to different samples such as children with concomitant speech and language delays would also be interesting. Studies of older children with severe speech-sound disorders would also be of interest. Although syllable structure errors during the preschool period did not predict phonological awareness in kindergarten, it is possible that the persistence of these types of errors into kindergarten and first grade could be a marker for ongoing difficulties with literacy.
Investigation of the relationship between syllable structure errors and known predictors of phonological awareness would also be of interest. It is not known whether children who have difficulty with speech perception tasks or nonword repetition are likely to produce a high proportion of syllable structure errors. Studies of the role of weak underlying phonological representations as a possible cause of syllable structure errors might explain why this error profile is associated with phonological awareness.
If the relationship between syllable structure errors and phonological awareness is validated in future studies, the clinical implications of this relationship could be illuminated by experimental investigations that examine intervention factors. For example, it is possible that approaches to speech therapy that focus on segments (i.e., the traditional approach) would be less likely to promote phonological awareness than would approaches that target syllable structure errors early in the treatment program (i.e., nonlinear phonology, Bernhardt, 1994 ; phonological process approach, Hodson & Paden, 1983) .
CLINICAL IMPLICATIONS
The best longitudinal predictor of kindergarten PAT status was PAT score before kindergarten. Of those children who passed the PAT before kindergarten entry, 85% showed good phonological awareness abilities at the end of kindergarten. However, half of the children who failed the PAT before kindergarten entry continued to show difficulties with phonological awareness skills 1 year later.
These findings lead to two key recommendations for clinical practice. We caution that these recommendations may be valid only for those children who are similar to those described in this report, specifically, children with a preschool history of primary speech-sound disorder of unknown origin. These results cannot be generalized to children whose speech-sound disorder is accompanied by significant delays in receptive language skills or to children whose speech-sound disorder is secondary to some other developmental condition. Furthermore, these recommendations may not apply to children who present with residual distortion errors at school entry despite having no prior history of delayed speech or language development.
The first recommendation is that children who are receiving speech therapy for remediation of a primary speech-sound disorder as preschoolers should receive an assessment of their phonological awareness skills before school entry. The child's teacher and the school SLP should be alerted to the presence of delayed phonological awareness skills when a child is transferred from a preschool service to a school jurisdiction. The second recommendation is that children whose speech-sound disorder persists after the onset of formal schooling should receive ongoing monitoring of their speech, language, and literacy development with appropriate follow-up.
